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Abstract
Radiative transition of massless neutrino l ! l + γ (l = e; ; ) in a strong magnetic
eld is investigated in the framework of the Standard Model. The process probability
and the mean values of the neutrino energy and momentum loss are presented. Possible
astrophysical manifestation of the process considered is analysed.
Talk given at the XXXII Rencontres de Moriond
on Electroweak interactions and unied theories,
Les Arcs, Savoie, France, 15-22 March 1997.
The investigations of neutrino processes in strong magnetic elds are of prin-
cipal interest in astrophysics where gigantic neutrino fluxes and strong mag-
netic elds can take place simultaneously (a process of a coalescence of neutron
stars, an explosion of a supernova). By magnetic eld is meant the eld of
strength of order and more the critical, so called, Schwinger value B > Bs,
Bs = m
2
e=e ’ 0:44  10
14G. By now astrophysical knowledge of strong magnetic
elds which can be realized in the nature have changed essentially. For example,
the eld strengths inside the astrophysical objects in principle could be as high
as 1015−1018G [1]. On the other hand, in such strong magnetic elds otherwise
negligible processes are not only opened kinematically but become substantial
ones as well. For example, a photon splitting into two photons γ ! γ + γ [2],
a magnetic catalysis of the massive neutrino radiative decay [3].
The diagonal radiative neutrino transition becomes possible due to the pho-
ton dispersion in the strong magnetic eld which diers signicantly from
the vacuum dispersion with increasing photon energy. So the real photon 4-
momentum can appear as a space-like and suciently large one (jq2j  m2). In
this case the phase space for diagonal neutrino transition l ! l+γ (l = e; ; )
is opened also. Thus this diagonal radiative neutrino transition manifests it-
self as neutrino bremsstrahlung, does not contain uncertainties associated with
a possible mixing in the lepton sector of the SM and can lead to observable
physical eects in the strong magnetic elds B  Bs.
The important property of the amplitude  !  + γ we have studied is that








in the threshold points (q2k)thr = E
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3 in the frame with ~B = (0; 0; B).
Enm has the simple physical meaning as transversal energy of an electron-
positron pair in the magnetic eld. The similar phenomena is known as the
cyclotronic resonance in the vacuum polarization [4].
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It is of interest for some astrophysical applications the case of relatively high
neutrino energy E ’ 10− 20MeV  me and strong magnetic eld eB  E2 ,
when a region of the cyclotronic resonance on the ground Landau level q2k ! 4m
2
e
dominates in this process. The square-root singularities on higher Landau levels
are not realized under the condition eB > E2 .
The main contribution to the probability of high energy neutrino (eB 
E2  4m
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where  is the angle between the vectors of the magnetic eld strength ~B and
the momentum of the initial neutrino ~p; gv and ga are the well-known vector
and axial-vector  − e coupling constants in the SM.
It is of more practical importance for some astrophysical applications to
calculate the four-vector of the neutrino energy and momentum loss in the
process of the neutrino radiative transition:
Q = E
Z
dW  q: (2)
The physical meaning of this vector is that Q0=E is the mean energy loss in a
unit time and ~Q=E is the momentum loss in a unit time. We have obtained










where ’ = F=B and ~’ =
1
2"’ are the dimensionless tensor and
dual tensor of the magnetic eld.
To illustrate the applications of the results we have obtained we estimate
below possible eects of this process in astrophysical cataclysm of type of a
supernova explosion or a merger of neutron stars under the condition that a
compact remnant has for some reasons extremely strong magnetic eld, B ’
1016 − 1018G. We assume that neutrinos of all species with the typical mean
energy E ’ 20MeV are radiated from a surface of a neutrinosphere in such a















where Etot ’ 1053 erg is the total neutrino radiation energy; B is the mag-
netic eld strength in the vicinity of the neutrinosphere of radius R. Neutrino
bremsstrahlung γ-quanta are captured by a strong magnetic eld and propa-
gate along the eld [4]. Thus the mechanism of signicant power "pumping"
of polar caps of a magnetized remnant can take place. This phenomenon can
result in reemission within a narrow cone Ω=4  1 along the magnetic mo-
ment of the remnant. So, if an external absorbing envelope is absent in such
an extraordinary astrophysical cataclysm (very strong magnetic elds, gigantic
neutrino fluxes) the reemission process will be an observable eect. Namely,
such a reemission in the magnetic eld could appear as an anisotropic γ-burst
with the duration of order of the neutrino emission time and of the typical
energy Eburst4  10
51 erg in terms of 4-geometry.
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